To investigate the association between intake of freshwater fish and their fatty acids and the risk of breast cancer in Chinese women, we conducted a case-control study with 669 cases and 682 population-based controls in Jiangsu Province of China. A structured questionnaire was used to elicit detailed information. Unconditional logistic regression analysis was performed to calculate odds ratios (ORs) and 95% confidence intervals (CIs). Total freshwater fish intake was linked to decrease in the adjusted OR for breast cancer, but without dose-dependence. Analyses by freshwater fish species showed that consumption of black carp and silver carp was inversely related to breast cancer risk, with adjusted-ORs for the highest intake category of black carp (≥500g/month) of 0.54 (95%CI=0.33-0.92; P trend <0.002) and for silver carp (≥1000g/month) of 0.19 (95%CI=0.11-0.33; P trend <0.001). In contrast, consumption of crucian carp was positively related to breast cancer risk, with an adjusted OR for the highest intake category (≥1000g/month) of 6.09 (95%CI=3.04-12.2; P trend <0.001). Moderate intakes of SFA, PUFA, n3-PUFA and n6-PUFA from freshwater fish may decrease the risk of breast cancer among premenopausal women. The findings of this study suggest that intake of freshwater fish and their fatty acids may modify risk of breast cancer, and that different species of freshwater fish could have a different actions on breast cancer risk. Future epidemiologic studies are needed to know the effects of freshwater fish intake on breast cancer risk and the cause of these effects.
Introduction
Breast cancer constitutes the most common cancer in women and is an important public health concern worldwide. Although the incidence rate of breast cancer in China is lower than those in Western countries, there has been a marked increase in recent years Yang et al., 2005) . In the past few decades, epidemiological studies (Brennan et al., 2010; Lambrechts et al., 2011; Gao et al., 2013) have suggested that a healthy diet and lifestyle is critical factor for the prevention of breast cancer. Many authors have analysed relationship between the fish intake and the risk of breast cancer, however the results have been inconsistent (Wirfalt et al., 2002; Terry et al., 2003; Hirose et al., 2006; Engeset et al., 2006; Brustad et al., 2007; Kim et al., 2009; Sala-Vila and Calder, 2011; Zheng et al., 2013) .
Most previous studies on the association of breast cancer risk with fish did not analyze freshwater and marine fish separately. Dai et al. (2002) and Bao et al. (2012) found that intake of freshwater fish was related to an increased risk of breast cancer. Freshwater fish is one for each case, after matching for ethnicity and age within 2 years using the records of residents at the local governmental office, and then asked eligible residents for their participation. Interviews were performed as for the cancer cases. Total 669 cases and 682 controls completed interview. The ethics committee of Jiangsu Province Institute of Cancer Research approved this study.
Data collection
All participants completed an in-person interview that used a structured questionnaire. Dietary intakes were assessed using an 83-item food frequency questionnaire (FFQ), capturing 90% of food intake and covering nutrients constituting up to 90% of the nutrient intake in urban and rural areas of Jiangsu province (Wang et al., 2003) . Each participant was asked about the frequency of a specific food that was eaten, followed by a question on the amount typically consumed. The FFQ listed 5 species of freshwater fish, including black carp (Mylopharyngodon piceus), finless eel (Monopterus albus), bream (Parabramis pekinensis), crucian carp (Crassius auratus) and silver carp (Hypopthalmichthys motitrix). Intakes of the fat and fatty acids (including total fatty acid, SFA, MUFA, PUFA, n3-PUFA and n6-PUFA) were calculated according to consumption of these freshwater fish, with Standard Food Composition Tables for China. (Yang et al., 2002) .
Data analysis
Odds ratios (ORs) were used to measure the association of breast cancer risk with intakes of freshwater fish and their fatty acids. Unconditional logistic regression from the statistical package SAS were used to obtain maximum likelihood estimates of the ORs and their 95% confidence intervals (CIs), and used to the line trend test of ORs. All ORs were adjusted by age, status of marriage and menstruation, age of menarche and menopause, childbirth, body mass index (BMI), family history of breast cancer, income/month, status of the smoking and alcohol drinking, meats consumption, and intakes of the fruit and vegetables. Quarter distributions of intakes of the fat and fatty acids from freshwater fish among controls were used to categorize the variables. Table 1 shows comparisons of cases and controls on demographic factors, physiological and reproductive characteristics, and other known risk factors of breast cancer. Compared with controls, cases were younger at menarche and older at menopause. Cases were more likely to have a higher income, a family history of breast cancer among first-degree relatives. The statistically significant differences between cases and controls were observed for childbirth, status of the smoking and alcohol drinking, and usual consumption of the meats and fruit and vegetables. All of these variables were considered as potential confounders and adjusted for in subsequent analyses.
Results
Data for associations between intakes of freshwater fish and breast cancer risk are presented in Table 2 . As compared with women who never intakes of all freshwater fish, the adjusted OR for breast cancer among consumers of freshwater fish was . Analyses by freshwater fish species showed that intakes of the black carp, finless eel, bream and silver carp significantly lowered the adjusted-ORs for breast cancer, the adjustedORs and their 95%CIs were 0.66 (0.51-0.84 Table 3 shows the dose-response relationship between the consumption of freshwater fish and the breast cancer risk. Among all study subjects, after adjusting for potential confounders, the ORs for breast cancer were significantly decreased with increasing consumption of the black carp and silver carp, with a statistically significant dose-response relation (P for trend =0.002 and <0.001, respectively). Reduced risk was also related to high consumption of finless eel (P for trend <0.001), but the adjusted-OR of the highest intake category (≥500g/month) was not statistically significant. With regard to intake of bream, compared with the never intake of bream, the second and the third intake categories all had a significant decreased adjusted-OR, but the adjusted-OR of the highest intake category (≥1000g/month) showed a clear increase (1.92, . A significant increased trend in the risk of breast cancer with increasing consumption of crucian carp was observed (P for trend <0.001). Compared with the never intake of crucian carp, the highest intake category (≥1000g/month) had a significant increased adjusted-OR (6.09, 95%CI: 3.04-12.19). Increasing consumption of the total freshwater fish decreased ORs for breast cancer, but the test for linear trend was not statistically significant. In analyses by menopause status, the similar effect of freshwater fish intake was observed in both post-and premenopausal women. Table 4 shows the dose-response relationship between the consumption of fat and fatty acids from intakes of freshwater fish and the breast cancer risk. Among all study subjects, compared with the lowest quarter of intakes of the fat and fatty acids (including total fatty acid, SFA, MUFA, PUFA, n3-PUFA and n6-PUFA), women in other quarters all had a decreased adjusted-OR for breast cancer, but the tests for linear trend were not statistically significant (all P for trend > 0.05). Among premenopausal women, there were significant reduction in breast cancer risk for the second and the third intake quartiles of the SFA, PUFA, n3-PUFA and n6-PUFA compared to the reference group who consumed the lowest quartile, but the adjusted ORs were not statistically significant in the highest intake quartile. Among premenopausal women, there were no significant association between intakes of the fat and fatty acids from freshwater fish and the risk of breast cancer.
Discussion
In this study, we analysed relationship between intakes of five common species of freshwater fish and the risk of breast cancer. We found that consumption of the black carp, finless eel, and silver carp were inversely related to breast cancer risk, whereas consumption of crucian carp was positively related to breast cancer risk.
Freshwater fish provide a healthy source of high-quality proteins, essential vitamins, minerals and polyunsaturated fatty acids. Humans ingest eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) mainly through intake of fish. But, previous research also has shown that freshwater fish may have a high level of nocuous chemicals, such as methylmercury, polychlorinated dibenzo-p-dioxins, and dibenzofurans, organochlorine residues, and other contaminants (Dai et al., 2002; Watanabe et al., 2003; Hirunwatthanakul et al., 2006; Cheng et al., 2013; Eqani et al., 2013; Saengsawang et al., 2013; Wang et al., 2013; Lee et al., 2014) , and some of them have been shown to be mutagens or animal carcinogens. Because contaminants and nutrients always coexist in freshwater fish, the risk :http://dx.doi.org/10.7314/APJCP.2014.15.18 
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from contaminants and the benefit from nutrients are also concomitant via freshwater fish consumption. Wang et al. (2013) calculated the benefit-risk quotient of the EPA and DHA vs. persistent organic pollutants via intakes of freshwater fish from Taihu Lake of China. They found that to achieve the recommended EPA and DHA intake of 250 mg/d for a healthy adult, the intakes of most fish species from the lake can cause cancer and non-cancer risks. However, the fish consumption at the rates of 44.9 g/d by Chinese would not lead to the risks for most of the fish species. Lee et al. (2014) measured seven organochlorine pesticides (OCPs) in river water of Yeongsan and Seomjin Rivers of Korea, and assessed the potential health risks of consuming OCPs from fish in the monitoring region by measuring the residual level of OCPs. They found that there is a high cancer risk associated with three OCPs. Thus, they indicated that individuals who consume large amounts of freshwater fish may be subject to a high risk of cancer. In our study, we found that when consumption of the bream and crucian carp were higher (≥1000g/month), the risk of breast cancer were clear increased. These results showed that the consumption of freshwater fish must be moderate. Wang et al. (2013) found that the risk of consuming silver carp was generally lower than other freshwater fish species. In this study, we also found that consumption of silver carp was inversely related to breast cancer risk, whereas consumption of crucian carp was positively related to breast cancer risk. Our findings are consistent with results of Wang et al. Crucian carp is an omnivorous fish. Study results of Cheng et al. (2013) in Hong Kong showed that omnivorous fish accumulated higher concentrations of heavy metals from sediment in the pond or river than carnivorous fish. Zhuang et al. (2013) determined heavy metal accumulation in five carp species from two fishponds exposed to effluent waters from Dabaoshan mine of South China. They found that crucian carp (carassius auratus) accumulated the higher Pb, Cd, Zn, and Cu in the intestine compared with other fish species. Thus, individuals who consume large amounts of crucian carp have higher risk of breast cancer, may be associated with the contaminated degree of crucian carp by heavy metals . Kim et al. (2009) investigated the association between fatty fish and their fatty acids intake and the incidence of breast cancer in Korean women. They found that high consumption of fatty fish is associated with a reduced risk for breast cancer, and that the intake of ω-3 fatty acids from fish is inversely associated with postmenopausal breast cancer risk. We also analysed relationship between the fat and fatty acids only from intakes of freshwater fish and the breast cancer risk. We found that moderate intakes of the SFA, PUFA, n3-PUFA and n6-PUFA from freshwater fish significantly decreased the risk of breast cancer among premenopausal women. Our results are partly similar to the finding of Kim et al. But we also found that the adjusted ORs were not statistically significant in the highest intake quartiles of the SFA, PUFA, n3-PUFA and n6-PUFA compared with the reference group who consumed the lowest quartile. Although chemical contaminants and nutrients coexist in freshwater fish may partly explain the finding, further investigations into the dietary intake of OCPs or heavy metals and genetic factors will be important in clarifying the preventive effect of freshwater fish intake on breast cancer.
